Crithidia oncopelti, a parasitic trypanosomatid protozoan of insects, normally contains intracellular symbiotic bacteria. As shown earlier, the protozoa can be rid of their endosymbiotes by chloramphenicol, producing a symbiote-free cell line. Here surface-membrane carbohydrate ligands of the symbiote-containing and symbiote-free strains were compared by lectin-mediated agglutination, lec- to 27 X 104 for symbiote-containing and symbiote-free organisms, respectively, i.e., the mean binding level of the latter for the lectin was 3.5 times greater than that of the former. Moreover, symbiote-free cells fluoresced more than symbiote-containing organisms after staining with fluoresceinlabeled concanavalin A. Apparently, the prokaryotic endosymbiotes somehow alter the quantity of saccharide ligands in the C. oncopelti surface membrane. Endosymbiotic bacterium-like organisms are often stably associated with a diversity of invertebrate cells (1, 2). Among the protozoa, several species of insect trypanosomatid flagellates parasitizing insects possess intracellular, self-replicating bodies (3-5), presumed to be symbiotic bacteria (3, 6, 7). In Crithidia oncopelti, the prokaryotic constitution of the endosymbiotes was confirmed: they resemble bacteria, albeit modified, in fihe structure (6), genome complexity (8), and sensitivity to antibiotics (9, 10). Flagellates treated with chloramphenicol were rendered permanently symbiote-free (9, 11, 12) MATERIALS AND METHODS Cells. The C. oncopelti symbiote-containing (SC) strain was obtained from The American Type Culture Collection (ATCC no. 12982). A propagative symbiote-free (SF) daughter strain was derived from the parent SC strain by chloramphenicol treatment (6, 9). Both strains were grown to logarithmic phase in a blood broth (6) or in medium 199 (25) enriched with various growth-promoting supplements (Chang, unpublished). Whatever the medium, SC and SF flagellates were grown in the same medium for any one experiment. Logarithmic-phase cells were harvested by centrifugation at 4340 X g for 10 min at 40. The pelleted cells were then resuspended and washed five times in 0.01 M phosphate-buffered 0.145 M NaCl (phosphate-buffered saline), pH 7.45, by centrifugation as above.
but unchanged in serological or DNA characteristics (10, 13) . The endosymbiotes also relieve the host cells from complete dependence on exogenous heme and certain other growth factors (10, 11) [e.g., the bacterial endosymbiotes augment C. oncopelti heme biosynthesis by supplying uroporphyrinogen I synthase and conceivably several other enzymes preceding ferrochelatase (14) ].
To study this symbiote-host relationship further, we have examined the surface-membrane saccharide ligands of symbiote-containing (SC) and symbiote-free (SF) C. oncopelti
Abbreviations: a-MeManp, a-methyl-D-mannopyranoside; Con A, concanavalin A; DAB, 3,3'-diaminobenzidine tetrahydrochloride; FBP, fucose binding protein; FITC-, fluorescein isothiocyanate; SC, symbiote-containing C. oncopelti; SF, symbiote-free C. oncopelti. * A partial summary of this work (43) was presented at the annual meeting of the American Society for Cell Biology, November, 1975 .
by applying various plant lectins. Of particular value is the lectin concanavalin A (Con A): it agglutinates several related nonsymbiote-containing trypanosomatid flagellates (15) (16) (17) (18) (19) (20) , and also virus-transformed mammalian cells more strongly than their normal counterparts (21) (22) (23) (24) . We demonstrate here that C. oncopelti surface saccharides are altered by the symbiotes. These results differ not only from those obtained with normal trypanosomatids (16) (17) (18) (19) (20) , but also from those reported for virally transformed cells (21) (22) (23) (24) . The present study is a report on alterations in a eukaryotic cell surface membrane caused by prokaryotic endosymbiotes.
MATERIALS AND METHODS Cells. The C. oncopelti symbiote-containing (SC) strain was obtained from The American Type Culture Collection (ATCC no. 12982). A propagative symbiote-free (SF) daughter strain was derived from the parent SC strain by chloramphenicol treatment (6, 9) . Both strains were grown to logarithmic phase in a blood broth (6) or in medium 199 (25) enriched with various growth-promoting supplements (Chang, unpublished) . Whatever the medium, SC and SF flagellates were grown in the same medium for any one experiment. Logarithmic-phase cells were harvested by centrifugation at 4340 X g for 10 min at 40. The pelleted cells were then resuspended and washed five times in 0.01 M phosphate-buffered 0.145 M NaCl (phosphate-buffered saline), pH 7.45, by centrifugation as above.
Lectin Agglutination Tests. The purified plant lectins, concanavalin A (Con A, 3X crystalline), soybean agglutinin, wheat germ agglutinin, and a Lotus fucose-binding protein (FBP), were purchased from Miles Laboratories, Kankakee, Ill. Pure inhibitor saccharides, a-methyl-D-mannopyranos- were scored from 0 (no agglutination) to 4+ (virtually complete agglutination) (Fig. 1A-F (27) . Controls were as used in the original reports (26, 27 
RESULTS

Lectin agglutinations
Agglutination with the various lectins was specific. It occurred only when the lectins were present in the medium, never spontaneously, and did not occur when inhibitory concentrations of a competitive saccharide were present with the lectin. The agglutinations were scored qualitatively (Fig.  1A-F) . Several kinds of agglutination were observed: somatic-somatic (SS), flagellar-flagellar (FF), and flagellar-somatic (FS) type agglutinations ( Fig. 1G-I ). Although all three types were observed in the lectin aggregates, the SS type was most common.
The positive agglutinations with C. oncopelti and several lectins are summarized in Table 1 . Symbiote-free cells gave consistently more agglutination that SC organisms over a wide range (5-500 ug/ml) of Con A concentrations. Conversely, SC organisms yielded higher agglutination titers than SF cells with the Lotus FBP lectin. Both SC and SF cells gave only negative agglutination results with soybean and wheat germ agglutinins even at concentrations >1 mg/ ml. The latter results were confirmed with promastigotes of Leishmania donovani, which were agglutinated strongly with both soybean and wheat germ agglutinins (18) . Results identical to those with living cells above were obtained also with glutaraldehyde-fixed, phosphate-buffered salinewashed SC and SF C. oncopelti.
Ultrastructure localization of Con A Symbiote-containing organisms incubated in 250 ,ug/ml of Con A had a moderate quantity of peroxidase-DAB reaction product at the pellicular surface membrane (Fig. 2A) . However, identically treated SF cells had more reaction product at the cell surface (Fig. 2B) . Only small deposits of peroxidase-DAB product were evident at the surface of SC cells incubated in 60 ,g/ml of Con A (Fig. 2C ), but similarly treated SF organisms had very dense deposits at the cell membrane (Fig. 2D) . Symbiote-free cells incubated with Con A at concentrations as low as 10 ,g/ml still gave a positive peroxidase-DAB reaction; however, little stain reaction product was discerned on SC cells treated with less than 30 ,g of Con A per ml. Both SC and SF cells treated with various Con A concentrations in the presence of 0.1 M a-MeManp had no discernible peroxidase-DAB products at the surface mem- Table 1 . Agglutination of SC and SF strains of C. oncopelti with several plant lectins as illustrated in Fig. 1 FITC43HlCon A cell surface labeling Glutaraldehyde-fixed cells treated with FITC-and 3H-labeled Con A became uniformly fluorescent. The specific cell-binding levels obtained with the double-labeled lectin were identical with those given in the preceding section. Symbiote-free cells consistently showed stronger fluorescence than SC organisms at all FITC-Con A concentrations tested (Table 2) . Cells labeled with FITC-[3H]Con A and then incubated in 0.1 M a-MeManp gave only extremely weak uniform background-level surface fluorescence, but no intracellular label was apparent, suggesting little if any detectable endocytosis of lectin receptors. These results support the contention (see above) that the lectin had higher avidity for certain C. oncopelti surface receptors than for the aMeManp inhibitor.
DISCUSSION
The present study has shown that both SC and SF strains of C. oncopelti resemble many other cell types in having saccharide ligands on their plasma membranes (21, 23, 24) . Unlike other trypanosomatid flagellates, however, this organism appears to have little or no cell-surface D-GalNAc and D-GlcNAc (18) (19) (20) , as revealed by agglutination. Such differences may prove applicable to trypanosomatid taxonomy and may also relate to the pathogenic potential of these parasites.
Of particular interest is the finding that SC and SF cells differ in surface saccharide ligands. The SF cells resemble other trypanosomatid species (normally lacking endosymbiotes), as they agglutinate strongly with Con A, but very weakly with FBP (18) (19) (20) . The opposite holds for SC cells in respect to agglutination with these two lectins. These agglutination results are unaltered by prefixation of cells with glutaraldehyde, indicating that C. oncopelti, like other hemoflagellates (16) (17) (18) (19) (20) , differs from mammalian cells, e.g., fibroblasts or erythrocytes (31, 32) , whose agglutination with Con A is perturbed by such treatment because of changes in membrane rigidity (31, 32) . The difference in the surface saccharide ligands between SC and SF C. oncopelti was further confirmed by Con A-ultrastructural cytochemistry, -fluorescence, and -quantitative isotope-binding experiments.
At the fine structural level, Con A-peroxidase-DAB and Con A-iron-dextran reaction products were uniformly deposited over the entire surface and flagellate membranes of both SC and SF strains, which accounts for the random types of cell-to-cell aggregates (i.e., somatic-somatic, somatic-flagellar, and flagellar-flagellar) observed in Con A-agglutination experiments. The large differences in amount of reaction product deposited on identically treated SC (9, 10) . The implication of the present findings with these studies can now be assessed. The difference in lectin-binding sites evidently provides another criterion to differentiate SC and SF strains of C. oncopelti in addition to already established criteria (6, 9, 10, 14) . From the present study one may infer that the structure of the plasma membrane is altered in C. oncopelti because of its association with endosymbiotes. Whatever the change, it does not apparently alter surface antigenic properties since almost total crossreactivity between SC and SF cells has been shown by antiserum agglutinations (35) . It is, however, unclear how such membrane surface changes bear on symbiote-host metabolic interrelationships. Lectin-binding to cell surfaces may affect carrier-mediated uptake of solutes (36, 37) , suggestive of an interacting or common function locus of these cellular mechanisms. Perhaps the cell surface of C. oncopelti may be so altered by endosymbiotes as to enable SC cells to utilize nutrients more efficiently and thus outgrow SF cells (11, 35) .
The present study has shown that the surface saccharide ligands of an eukaryotic cell are altered by an intracellular bacterial symbiote. One wonders whether similar changes in surface saccharides characterize other eukaryote-prokaryote associations, e.g., crown-gall tumor caused by infection with Agrobacterium sp. (38, 39) , intracellular parasitism in mammalian cells with pathogenic rickettsiae (40) , and intracellular symbioses with prokaryotes in insects (1) and protozoa (41, 42) . Whatever its ultimate significance, the surface saccharide change offers a new way to study symbiote and parasite-host interactions. 
